The Nigerian local turkey has the potential to augment the supply of poultry protein in the country and across the region. However, the fecundity of the breed is low due to neglect and lack of improvement. This work is therefore aimed at shedding some light in some reproductive indices of the local turkey under optimum nutrition. A group of fifteen toms and nine hens were used in this study. The males were grouped into three groups of five and placed on varying levels of protein, 12% CP, 16% CP and 20% CP for groups 1, 2 and 3 respectively. Semen samples were collected and analysed twice weekly for thirteen weeks. Ejaculate volume, semen concentration, semen PH, gross and individual motilities, live and dead sperm and sperm morphology were investigated and recorded. Data were summarized as mean ± SEM (Standard Error of the Mean). The toms in groups 3 had significantly (P < 0.05) higher ejaculate volume 0.29 ± 0.03 mls and semen concentration7.766 ± 0.612 x10 9 than groups 1 and 2. The fertilizing ability, which was assessed through in vivo and in vitro sperm penetration assays revealed significantly higher number of sperm penetration holes (P < 0.05) in Groups 2 and 3, 160.97 ± 8. 084 and 172.83 ± 7.647 (in vivo); 187.96 ± 8.121 and 189.16 ± 6.446 (in vitro) respectively. The local turkey toms could parallel their exotic counterpart under optimum environment, without the need for genetic hybridization and that 20% CP had more positive influence on the semen quality and fertilizing ability of indigenous Nigerian turkey toms followed by 16% CP with 12% CP exerting the least positive influence.
INTRODUCTION
Animal protein supply and intake is still grossly inadequate in the developing countries, especially the sub-Saharan Africa (Tacher et al., 2000; FAO, 2011) . The situation is usually attributed inferior genetic makeup of the local breeds or non-202 selection (Bindari et al., 2013) , although harsh environment and poor husbandry practices among other factors, may be more important bottlenecks (Ladokun et al., 2006) . To address these problems some breeders usually resort to anthropogenic hybridization between local and exotic breeds, which are thought to be of superior genetic makeup, the result is not always favourable as it leads to loss of local genetic resources (van Wyk et al., 2017) usually due to production of maladaptive hybrids (Todesco et al., 2016) or even sterile F1 offspring, which would not be able to reproduce (Mideksa, 2017) . Turkeys, like other poultry species, have short generation interval and so the integration of the local turkeys into the conventional commercial poultry production is likely to play a role in supplementing the provision of animal protein (Ben Sassi, Averós, & Estevez, 2016) (). The contrast in the size of turkey toms and hens and consequent low fertility of the males after natural mating has resulted in the integration of Artificial Insemination (AI) in commercial production. AI has therefore been a critical component of reproduction in turkeys since the 1960s and is used almost exclusively for commercial flock production in some areas of the world (Bakst and Dymond, 2013) . Reproductive performance is critical to efficient production in poultry (McDaniel et al., 1998) . Success in AI requires quality semen which has the capacity to reach the site of fertilization, fertilize the egg and activate embryonic development. The local turkey is kept as a scavenger and thus may not be able to compare well with its exotic counterparts in terms of reproductive capacity. Optimum nutrition, which is a strong environmental factor affecting animal's productivity both in terms reproductive capacity and production traits (Cordova Izquierdo, 2015; Rekwot et al., 1994; Papazyan et al., 2006; Jibril et al., 2011) , and which is usually in short supply for the breed may be used to investigate its performance under conducive environmental condition. The present study therefore intended to determine the effect of varying crude protein levels on semen quality.
MATERIAL AND METHODS Study Area
The study was conducted in the Department of Theriogenology and Production, Ahmadu Bello University, Zaria, situated in the Northern Guinea Savannah, between latitudes 11º 1573' N and between longitude 7º 64989' E at an elevation of 646 m above sea level. The mean annual rainfall in the area is 1100 mm lasting from May to October (816mm/month). Mean daily temperatures during the wet season are 25 o C and mean relative humidity of 72%. The dry season lasts from November to April,the mean daily temperature ranges from 14 to 36 o C and the relative humidity 20-30% (Anon,. 2014). Animal feed and its composition The feed used for this study was formulated in collaboration with the Department of Animal Science, Faculty of Agriculture, Usmanu Danfodiyo University Sokoto, while compounding and proximate analysis were done at the National Animal Production Research Institute (NAPRI) Shika, Ahmadu Bello University, Zaria.
Experimental Design
Using G power version 3.1 and Altman's Normogram, at power of 85% and effect size of 0.8 a minimum of 15 animals was arrived at. Therefore fifteen (n = 5) apparently healthy turkey toms (age = 30-32 weeks, and live weight of 3.5 -4.0 kg) and nine (n = 9) apparently healthy (age 24-26 weeks) were used in the study. The turkey toms were randomly placed in three groups (Group1, Goup2 and Group3) of five and were tagged appropriately. They toms received 400g/bird /day of feed containing different levels of crude protein, viz: 12% CP, 16% CP and 20% CP for Groups 1, 2 and 3 respectively. The hens were placed in three groups of three and were placed on conventional chicken layer mash, 16% CP.
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The live weights of all the turkey toms were determined weekly throughout the period of the study. They were caged individually and acclamatised for a period of two weeks during which the toms were trained to produce semen on abdominal massage.
Semen Collection and Evaluation
Semen samples were collected twice weekly (two ejaculates per collection), by a modification of the method of Baskt and Long (2010), from the toms in each group and evaluated for; volume, colour, motility (Gross and Individual), concentration, percentage live and dead cells and morphology. Volume The semen was collected into a 1 mL graduated tube and the volume was recorded for each tom.
Mass Motility
Microscopic examination for wave pattern (gross sperm motility) was determined as described by Baskt and Long (2010) , by placing a drop of raw undiluted semen on a pre-warmed slide and coverslipped, it was viewed using a microscope at x4 and x10 objectives and mass motility was estimated. Individual motility; This was determined using diluted semen samples. Semen samples were diluted to ensure single layer of sperm cells for ease of counting. This was achieved by adding 3 drops of Dulbecco's Modified medium to one drop of raw semen. A drop of diluted semen was then placed on a grease free microscope slide and viewed at x40 objective. Sperm cells progressively moving forward were counted as percent motile cells. Concentration; Semen dilution: Neat semen was pre-diluted 1:2 with Egg-yolk-Citrate extender. Ten (10) µL of the extended semen was diluted in 10 mL of 3% NaCl, ten (10) µL of diluted semen was used to fill one chamber of haemocytometer and the spermatozoa were counted in five Thoma squares of the chamber (i.e. four corners and the center squares). The concentration was determined by the following equation;
Concentration (sperm cells/mL) = Number of sperm cells counted in the twenty-five small squares x dilution factor x 10 4 . Live sperm count; this was determined as described by Esteso et al., (2006) with modification. A drop of semen sample was placed at the edge of a clean grease free glass slide and three drops of eosin-nigrosin stain were mixed with the semen. A smear was made from the mixture and allowed to dry. Four different counts were obtained using light microscope at X100 objective (oil immersion). The nigrosine-eosin solution used in this work contained potassium citrate 1.280g, sodium glutamate 1.7351g, sodium acetate 0.851g, magnesium chloride 0.686g, eosin 1.0008g and nigrosine 5.0002g (Łukaszewicz et al., 2008) . Spermatozoa morphology: Morphology was determined by making a thin smear from a mixture of the semen sample and eosin-nigrosin on clean grease free glass slide. Four hundred sperm cells were counted per slide using light microscope at X100 magnification (oil immersion) (Esteso et al., 2006) .
Sperm Penetration (SP) assay (in vivo) Inseminating Hens
All hens were inseminated weekly according to the method described by Sotirov, (2002) . The hens were turned upside down, pressure applied to the right side of the abdomen until the vent everted (venting) and an insulin syringe containing the fresh diluted semen which was obtained from the toms was inserted to a depth of about 1.5-2 cm into the cloaca, and semen containing 100 x10 6 spermatozoa was deposited in the vagina. Number of sperm cells inseminated: A the start of the insemination the average semen concentrations was 5x10 9 for Group 1, and 6x10 9 for Groups 2 and 3 respectively. In Group 1 100 µl was diluted in 2.5ml of Dulbecco's Modified Eagles Medium (DMEM), each hen was thereafter inseminated with 0.5ml of the diluted semen. In Group 2 and 3, 83µls were used instead.
204
In Vivo Assay Sperm penetration assay was carried out according to the method described by Baskt and Long (2010) .
The oviposited eggs (from inseminated hens) were broken and the albumen separated from the yolk. The yolk was then placed in a pan with the blastoderm positioned upwards. Excess albumen was removed by blotting with Kim wipe and 2% NaCl solution was added; an area of 3.0 mm 2 of the perivitelline layer over the blastoderm was carefully cut and immediately rinsed in phosphate buffered saline to remove excess yolk material. The perivitelline layer was then placed on a glass slide and 4 drops of 3% formalin were added to fix the membrane and immediately decanted. The perivitelline layer was finally stained with Schiff's reagent. The holes were then counted under Datyson Biological microscope at a magnification of X 40.
Sperm Penetration (SP) Assay (in vitro)
This is an in vitro sperm quality assay in which spermatozoa were co-incubated in a test tube with inner perivitelline layer (IPL) from fresh unfertilised eggs. The number of sperm holes per unit area of the IPL were then viewed under darkfield optics and quantified as a measure of sperm activity. The IPL samples for the assay were obtained from fresh eggs sourced from poultry layer unit of the National Animal Production Research Institute (NAPRI). They were separated from the outer perivitelline layer (OPL) by acid hydrolysis as described by Baskt and Long (2010) . Briefly the procedure is described below.
Separation of IPL from OPL:
This was done as follows: The eggs were cracked open over a waste beaker retaining the yolk in one half of the shell. The albumen was thoroughly decanted and the yolk isolated. The isolated yolk was placed in a small dish and washed several times with 1% NaCl to remove any excess albumen. The adherent pieces of albumen were removed using blunt-ended forceps.
The yolk was placed the yolk in a 100-mL beaker containing 75 mL of 0.01 M HCI and the beaker placed in a 37 ºC incubator for 1 hour. After 1 hour, the beaker was removed from the incubator and the HCI was decanted taking care not to burst the yolk. The yolk was then transferred to a small bowl and the perivitelline layer (PL) bursted from the side with the aid of sharp forceps and the PL isolated. The isolated PL was then placed in a petri dish containing 1 % NaCI and washed in several changes, until all yolk particles were removed; and the PL was then spread out in a petri dish, containing fresh 1% NaCI. The IPL was distinguished from the OPL by its thinner, more transparent, appearance. The two layers were then separated using sharp forceps and the isolated IPL was stored in a petri dish containing NaCI-TES at 5°C for the sperm egg assay (Bakst and Long, 2010) . Co-incubation of Sperm and IPL 1) Ten (10) µl of fresh semen were diluted in 1000 µl of NaCI-TES for Group 1 and 8µl parts of fresh semen was diluted in 1000 µl parts of NaCI-TES for Groups 2 and 3; the aliquots were stored at 40 ºC in a shaking water bath for 45 min before assay.
2) A fragment of the isolated IPL approximately 0.5 cm x 0.5 cm square was cut and added to a vial containing 100 μl of NaCl-TES diluted semen in 1 ml Dulbecco's Modified Eagle Medium (DMEM). The mixture was incubated at 40°C for 5 min in a shaking water bath.
3) The incubated IPL was removed from the vial and washed in 1% NaCI. 4) The IPL was carefully spread onto a microscope slide using forceps avoiding wrinkles and then cover-sliped . 5) The slide was then viewed immediately using dark phase microscopy at X 10 and X 40 objectives. 6) The number of holes per 3 mm 2 were counted according to the method described by Baskt and Long (2010) with modifications.
RESULTS

Semen analysis
The results (mean ± SEM) of the semen analysis (semen volume, concentration, motility, live sperm, pH and morphology) for the three groups of toms are presented in table 2. Table 2 shows the preliminary results before treatment began. Semen volume The value (mean ± SEM) of the semen (ejaculate) volumes of the three groups are shown on TABLE II Significant difference was observed between Group 1 and Group 2 (P< 0.05), there was also a significant difference between Group 1 and Group 3 (P < 0.05) but no significant difference was observed between Group 2 and Group 3 (P > 0.05). Semen Concentration TABLE II presents the results (mean ± SEM) of the semen concentrations of the three groups. There was significant difference between Group 1 and Group 2 (P< 0.05). There was also a significant difference between Group 1 and Group 3 (P < 0.05) but no significant difference was observed between Group 2 and Group 3 (P > 0.05).
Sperm motility
The results (mean ± SEM) of the mass and individual motilities are presented on table 2. For both parameters, significant difference was observed between Group 1 and Group 2 and also between Group 1 and Group 3 (P < 0.05). There was no significant different between Group 2 and Group 3 for both parameters (P > 0.05). Live sperm TABLE II presents the results (mean ± SEM) of the live sperm. There was significant difference between Group 1 and Group 2 in both the number (percentage) of live and that of the dead cells (P< 0.05), there was also a significant difference between Group 1 and Group 3 (P < 0.05) but no significant difference was observed between Group 2 and Group 3 in both collections (P > 0.05).
Semen PH and Sperm Morphology
The results (mean ± SEM) of the PH and sperm morphology are shown on TABLE II. In both parameters, there was no significant difference between all the three groups (P > 0.05).
Sperm Penetration Assay
The numbers of holes (mean ± SEM) of the in vivo and in vitro sperm penetration assay are presented in TABLE IV Significant (P < 0.05) differences were observed between groups 1 and 2; and between groups 1 and 3, but the results showed no significant (P > 0.05) difference between groups 2 and 3. The number of holes (mean ± SEM) of the in vitro sperm penetration assay are 148.88 a ± 9.16, 187.96 b ± 8.121 and 189.16 b ± 6.46 for groups 1, 2 and 3 respectively. The results revealed significant (P < 0.05) difference between groups 1 and 2; and, groups 1 and 3, but the difference between groups 2 and 3 was not significant. The weekly trend observed for the semen volumes and semen concentration of the three groups is presented in figures 1 and 2 respectively. The trends revealed significant (P < 0.05) difference between groups 1 and 2, and between groups 1 and 3 but there was no significant (P > 0.05) difference between groups 2 and 3. 
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DISCUSSION
Three different quality tests were employed to assess the suitability of the local turkey tom's semen for AI at different CP levels; crush side semen evaluation, in vitro and in vivo sperm penetration assays. The results from the crush side tests show that semen volume, concentration, motility, morphology and live-dead proportions, both increased by between 57% and 163% when compared with the preliminary results. When compared within the treated groups the response was higher in group 3 (20% CP) followed by group 2 (16% CP) with group one (12% CP) having the least scores. We have not found significant difference between Group 2 (16% CP) and Group 3 (20% CP), perhaps because the optimal protein level lies between the two group. However, significant difference was found between group1 and Group 2, and between Group 1 and Group 3. This is so perhaps because the treatment for group 1 has fallen short of the optimal, some past, works have shown similar protein effects on these parameters. (Jibril et al., 2011) in rams, has reported higher reproductive performance in lower CP level, which is thought to be the optimum, than in higher CP levels. The results are similar to the reports of various authors, TABLE III. Semen parameters and live weights of turkey toms fed varying level of protein diets. P < 0.005 Values with different superscripts (across rows) differ significantly working with various animals; (Rekwot et al., 1987 and Rekwot et al., 1988 in bulls; (Louis et al., (1994) in boars; (Ladokun et al., (2006) in pubertal rabbit bucks; Ghonim et al., (2010) in Drakes who reported better performance in animals fed higher CP levels than those fed lower CP levels. It also agrees with the work of Sotirov et al., (2002) who reported higher ejaculate volume in turkeys fed 17% CP than in their counterparts fed 14% CP. These therefore support the fact that for optimal performances, animals require optimal environmental conditions which include nutrition. Although parameters like the ejaculate volumes obtained in Group 1(12% CP) was the similar as those reported by Zahraddeen et al., (2005) in local in the same breed, which were also fed suboptimal (10%) crude protein, they were much lower the ranges reported by (Dukes and Swenson (1984) , Wishart, (2007) and Christensen, (2005) for exotic breeds. However, the volumes obtained in Group 2 (16% CP) and Group 3 (20% CP) were within the range given for the exotic breeds and was higher than the 0.17 ± 0.02 mls reported by Zahraddeen et al., (2005) in local breeds. The differences observed between the values in this work and the values reported by Zahraddeen et al., (2005) in the same breeds indicates clearly that the local turkey's reproductive performance improves with increased CP up to an optimum. Sperm penetration assay shows significant result for samples from groups 2 and 3 than those in group 1. This has indicated that increase in the amount of protein in the diet to an optimum, improved the quality of sperm cells produced by group 2 and 3. Although the SP assay is an indirect test of fertility, it correlates positively with fertility and hatchability of eggs following insemination. Al-Daraji, (2000) reported superiority of roosters based on their higher SP score than others.
Weekly trends show net increase in semen volume and concentration, from the start to finish of the experiment, they also reveal the consistency in the measurements employed for all the groups. For each group and at the CP level measured, the confidence interval can be seen to be narrow, as indicated by the various standard errors (SE). Because protein was the only item varied in the feeds given to the toms, this is suggestive of the fact the higher the level of CP in the diet the better the fertility up to an optimum. This is in line several other reports (Zambrano et al., 2005; Begum, et al., 2009; Wu et al., 2009 ). Because of the results obtained in this work we believe that the local turkey can be improved not necessarily by hybridization with exotic breeds but through the provision of optimum nutrition and good husbandry and recommend a more robust research to determine the actual optimum level of other feed ingredients for the local turkey tom. Before then we recommend the feeding of 16% -20% CP based diet.
